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® polyester resin laminated plate and process for production thereof. 

^^r^^ hj*<; less anisotropy of mechanical properties. 
(S) A polyester resin laminated plate which has a smooth t^;" J^^;^ '^^J ,"l'°g ^^.kability is produced by a 
f inexpenSive. has no restriction in size, thickness. by weight of a thermoplastic 

prressTncluding the steps of t-ext-ding ^^-P-^^fg^ "^^^"^^^^^^^^^^ materia, and from 5 to 50 

polyester resin compounded with from 5 to 40 P^J^^^ 7^'9;;°j3 ^^rcibly cooling the sheets to a temperature 
^arts by weight of a granular -^--^^f^^^^^^Zt^^ ZZ^^^ sheets having a surface cnjsta^UnUy 

Ler than the glass transition pent of »f ^'^^^J^^^^^^^^ them at a pressure of from 15 to 150 kg/cm 
of .ess than 10%. Iamina«ng these P;-?^'*-^ J^^^^^^^ increase of 3-C/minute or more to reach 

and at a temperature of from 80 to 260 C. witn me rai 
the temperature. 
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FIELD OF THE INVENTION 

The present invention relates to a polyester resin laminated plate containing a thernnoplastic polyester 
resin as a matrix which has a smooth surface, has less anisotropy in mechanical properties such as a 
bending strength, etc.. and is excellent in its electric insulating property, dimensional stability, heat 
.Jsista^^^ The present invention also relates to a process for the production of such a 

polyester resin laminated plate. 

BACKGROUND OF THE INVENTION 

in general, as a laminated plate, a laminated plate prepared by laminating a -«^"'^Y'tfK?J,'Trnm 
resin sSch as a phenol resin or an epoxy resin excellent in heat resistance. d.mens,onal stab.hty strength. 
IctricTnsulating property, etc.. on a base material such as paper or a glass cloth has been w.de ly ut.t.zed^ 
Howrversuch a lamin^e^ plate has problems in that the production equipment becomes large, the 
equipment cost becomes high, the productivity is low. and the cost of production is high. . , . ^„ 

^ pZermore, a thermosetting resin is excellent In chemical resistance and water resistance, but when 
paper is used as the base material for the laminated plate, not only is the paper .tself poor ,n chem.cal 
resismnce but a so the dimensional change by the moisture absorption is large, whereby the .ndustr.a ly 
usab e range s considerably restricted. Also, there remains a problem in that in cutting the laminated pla e. 
a cu powder orms. and further there is an inevitable fault in that three-dimensional molding 

A thermoplastic polyester resin such as polyethylene terephthalate (hereinafter refer ed to as PE^ 
which is excellent In its mechanical property, electric insulating property, heat resistance, chemical 
resistance, etc.. is used in various industrial products and also is used as sheets. 

In the case of producing a sheet from a thermoplastic polyester resin, a process of forming the sheet, 
by le t LruSng the polyester resin from a T-die is employed. However, when a thick sheet is produced 
b^ the foregoing process, a temperature gradient occurs between the surface portions and the inside of the 

sheet, whereby a uniform sheet is not obtained. «i,»o!„:r.« tha 

AS a process of producing a laminated plate of a thermoplastic resin, there is a process of obtaining the 
laminate Ey lam nating plural sheets of the resin and hot-pressing the sheets. A vinyl chlonde resin, etc 
ca™ oToduce a laminSed plate by this process, but in the case of a thermoplastic polyester resin, when 
pfurarsheets ^f Te resin are lanlnated and hot-pressed, the sheets do not join to each other, whereby a 

A^f wSn T:^i rs^rodu^cfd by melt-extruding a polyester resin filled with glass fibers from a T-die 
the ^ee^h^a smooth surface and a high elastic modulus in the lengthwise direction (hereinafter referred 
t^as MO) buf When the resin is melt-eluded from a T-die. the PET molecule and the glass fibers are 
oriented to provide the sheet, wherein the bending strength and the bending elasUc modulus .n the width 
direction (hereinafter referred to as TO) of the sheet are extremely lower ^^^^'J JJ^^^ ."^.^^^^^^^ 

JP-A-2-1 19011 (the term "JP-A" as used herein means an "unexamined published Japanese patent 
applkTation") proposes an extrusion-molded sheet composed of a polyester resin f°"'P°""°«,J^^'«;j 
S?anuTar inorganic compound for relaxing the orientation of a fibrous reinforcing matenal. and the effect 
fhereof is large in regard to the anisotropy relaxation of the mechanical property. However, as described 
above, a uniform thick sheet cannot be obtained by extrusion molding only. 

. SUfVlMARY OF THE INVENTION 

Under such circumstances, an object of the present invention is to provide a P°^^^';i'^Zl^ZX't 
plate which is inexpensive, has no restriction In size, thickness, etc.. and has a good ;="«'"9 .^^^/^^'''^J^J^ 
laminating extrusion-molded polyester resin sheets each having a smooth surface and less anisotropy of the 

'^^t'^:X::S\n.es.,^.o.s. it has been discovered that ~ing -^^^^^^^^^^ 
definite condition to laminate plural sheets each formed by extrusion molding a thernioplastic polyester 
?e1n compounded with a definite amount of a fibrous reinforcing materia, and a ^^'-^^^^-^-^^^^^^ 
granular inorganic compound, a laminated plate wherein the sheets are joined to each other is obtained. 
The present invention has been accomplished based on this discovery. „„,„„ctor r«^ln 

in particular, according to an aspect of the present invention, there is provided a P^'y^^Jr resin 
laminated plate comprising plural sheets each being formed by extruding a composition compnsing 100 
parts by weight of a thermoplastic polyester resin compounded with from 5 to 40 parts by we-ght of a 
fibrous reinforcing material and from 5 to 50 parts by weight of a granular inorganic compound, the plural 
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, T IVn Zl^d o^^^^^^ comprises melt-extruding a compositior, comprising lOO parts by 
'tf oV! L mooSsIc Tc^^^^^^^^ compounded with from 5 to 40 parts by weight of a fibrous 

weight of a ^"'"P'^f^ P"'^,®^'^ 50 _3rts by weight of a granular inorganic compound to form plural 
5 reinforcng "^^'^'^^^^ ^^^'^J^^ to a temperature lower than the glass transition point of the polyester 

rnio 'p;^:S; T^s!^^^^^^ ^^--"V Of less than 10%. ^^^^^^^^^^^ 
I » i.min»i«i Sheet ana hot-pcesslng the laminaleO sheet at a ptessure of from 15 to 150 kg/cm ana 
S iTn,™^ f"o ^-C. »i».'he ,a., of temperatore Inorease „, 3-an.,nu,e or nrore to reach 

10 the temperature. 

ngTAlLED DESCRIPTION OF THE INVENTION 

The ^^^^--^^^^'"'Z^'^^^^^ resin being used in the present invention. 

,5 AS the acd componer^ of he ^^^^ '^''^ acid, diphenylmethanedicarboxylic acid, 

terephthalic acid, isophthal.c 5-sodiumsulfoisophthalic acid, adipic acid, 

diphenylsulfodicarboxylic aad P-<^-*^f;f y^;''"^;! ° tetradecane-1.14-dicarboxylic acid, octadecane- 

kinds of these <=°'"P°"«"*%;"f ..'^ "'^^^^^^^ PO,„ester resin are polyethylene terephthalate. polybutylene 

" SrSe gSaTflirf Lo moat preferre;.. geneX conaidering the meohanical charaotenafea. the 
'""xr™ no oanlcular restrictions on the diameter and the length of the fibrous reinforcing material. But 

.nciTrzjri;--^^ 

40 other compounding agent(s). while it me iioer lenyi to 10 mm is usually used. (In the 

nasTXr- - "^"Z^^rr, rrU: l: prefera.„/from 0.3 to e 

^"t- 'r„strvn~ raiirrm:^r:s.:;:^^rsmzrs.ren 

- ~~rm^4"?0.asr„^^^^^^^^^^ 
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The effect of the granular inorganic compound being used in the present invention differs according to 
the particle size, the form, and the chemical composition thereof, but the granular inorganic compound 
functions as a planeness improving agent, a surface smoothness improving agent, a reinforcing agent, a 
relaxing agent for the anisotropy of the mechanical characteristics, a crystal nucleating agent, etc. . 
5 Specific examples of the granular inorganic compound being used in the present invention a(te mica. ■ 

glass flakes talc wollastonite. silica, calcium carbonate, synthetic silicic acid and silicates, zinc white; clay, 
kaolin basic magnesium carbonate, a quartz powder, titanium dioxide, barium sulfate, calcium sulfate, and 
alumina Among these compounds, mica and glass flakes give a better result in the present invention. 

If the mean particle size of the granular inorganic compound is over 1.000 um. the effect thereof is 
10 reduced, and hence the granular inorganic compound having a mean particle size of not larger than 1.000 
um and particularly from 1 to 600 um. is usually used. 

The compounding ratio of the granular inorganic compound can be selected in a wide range according 
to the purpose for using the laminated plate, but on considering the balance of the mechanical characteris- 
tics and the surface smoothness of the laminated plate, the compounding ratio thereof is preferably from S 
rs to 50 parts by weight to 100 parts by weight of the thermoplastic polyester resin. If the compounding ratio 
of the granular inorganic compound is too low. the effect is small, while if the compounding ratio is too high, 
it causes bad effects such as lowering of the mechanical characteristics, etc. 

Also in polyester resin sheets which are not compounded with the fibrous reinforcing matenal and the 
granular "inorganic compound, when the sheets were laminated and hot-pressed as described above, the 
20 sheets could not be joined in a body, and further, if the compounding amounts are less than the ranges 
described above, when the sheets are laminated, the bonding force between the sheets is insufficient. 

In the present invention, if necessary, various additives for plastics, such as a heat stabilizer, an 
antioxidant, a light stabilizer, a lubricant, a pigment, a plasticizer. a crosslinking agent, a shock resisting 
agent, a flame retardant. a flame-retarding assistant, etc.. can be preferably used in addition to the 
25 foregoing compounding compounds. . 

In particular for a use requiring heat resistance, it is very effective to compound a post-crosslinking 
type crosslinking agent which is not crosslinked at the formation of the sheets but is crosslinked by a high- 
energy treatment such as hot-pressing or a high-temperature heat treatment, ultraviolet irradiation, electron 
ray irradiation, etc.. after hot-pressing. Examples of such a compounding agent are triallyl isocyanurate and 

30 triallyl cyanurate. . . ... 

For producing the laminated plate of the present invention, the polyester resin composition com- 
pounded with definite amounts of the fibrous reinforcing material and the granular inorganic compound is 
first melt-extruded to form a sheet. In this case, it is necessary that the sheet thus melt-extruded be forcibly 
cooled to a temperature of not higher than the glass transition point of the polyester resin by a method of 
35 contacting with a cooling roller, etc.. to provide the sheet having a surface crystallinity lower than 10%. If 
the surface crystallinity of the sheet is higher than 10%. when these sheets are laminated and hot-pressed, 
they are not joined in a body, and a laminated plate cannot be obtained. 

There is no particular restriction on the thickness of the sheet, but a proper thickness of the sheet can 
be from about 0.6 to about 1.2 mm. If the thickness ot the sheet is too .thick, a uniform sheet is not 
40 obtained, while if the thickness is too thin, the productivity is undesirably lowered. 

The plural sheets thus obtained are laminated and hot-pressed to provide a laminated plate. TTie 
number of the sheets is selected according to the thickness of each sheet and the thickness of the desired 
laminated plate. The number of the sheets which can form a laminated plate is usually from 2 to about 50. 
Hot-pressing is carried out using a hot-press molding machine, and in this case, it is necessary that the 
45 heating temperature be higher than the glass transition point of the polyester resin. In practice, the heating 
temperature is usually BO'C or more, preferably from 80 to 260 'C. and more preferably from 90 to 200 'C. 
In this case, the rate of temperature increase is also important. As the rate of temperature increase 
becomes higher, the sheets are more easily laminated in a body. The rate of temperature increase is 
usually from 3 to 20-C/minute. and preferably from 5 to lO'C/minute. The pressure at the stage of hot- 
so pressing is usually properly from 15 to 150 kg/cm^. and preferably from 30 to 100 kg/cm*. 

When the plural sheets are laminated, the temperature is raised from room temperature while applying 
a definite pressure, and after reaching a definite temperature, these sheets are usually kept for from 3 to 20 
minutes, and preferably from 5 to 15 minutes, to complete the hot-pressing. 

By increasing the crystallinity of the laminated plate, the mechanical strength and the elasticity of the 
55 laminated plate is greatly improved, and the performance of the laminated plate can be maintained up to a 
temperature near the melting point thereof. Thus, when the laminated plate is used as a rigid plate, it is 
desirable that the surface crystallinity thereof be at least 15%, and preferably at least 25%. For increasing 
the surface crystallinity. the temperature at hot-pressing may be set high, and the maintaining time may be 
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10 



15 



20 



prolonged. ,,^in;*tPd olate having a surface crystallinity lower than 15% and preferably lower 

;=cr irar aT.::^e:;^^^^^^^^ l'.. ,o„ » pL.. . h,.-. a 

low surface crystallinity. invention has a smooth surface, has less anisotropy of 

Since the '^'"'"^♦^'^ /'f °* ^etectric Lulation. dimensional stability, the bonding property 

''"t^Tp'^™ — n described more p-actlcally by « lotowing examples, which should no. be 
~"r.lrairmr:eTorar:fe:i^^^^^^^^ .sod . .e examples a,e as ,.«o„s. 

Ss=r=xr3iarrr.^^^^^^^^^^^^ 

Bending Strength: Measured according to f^^J^J^J^^^ 

O good. . Slightly good, and X no good. 
Culg Wor^aX Ev^^^ byVe 3 ranks of O good. slightly good, and X no good. 
Sntess otherwise Licated. all parts, percents. ratios and the l.ke are by we.ght. 



EXAMPLES 1 to 3 



• ♦ from RR to 67 ' C> having an intrinsic viscosity of 0.78 (measured in a 
PET (glass transition point of from ^6 ^ 67 C) having a compounded 

mixed solvent of equivalent weight amounts of P»^«"°' .*7^^^'°;3^j^ reinforcing material and 

with glass fibers having ^ ^te o^^^V:: oVl^^^ ^ Nippon Sheet Glass 

^'LtTim^eTasTetan^^^^ ^^^^ "^'"^ ' ^'^'^^ 

' SuTe^s^ri^^drus^ a -is e^r^d, „^^^^ ^ ^^.^^ 

androisrairn^. ^.Tt^T^t^^:^ ^^^^^^ ~ - - ^ 

crvstallinity of about 5%. 

^^:r.r:Sstrra^=-;:sr»^^^^ 

fe':V:S;i errrabT, :\rrrpe='Saro,rc,l:e. a„d a«e, mamulhln, .o, ,S 

r aLrr ^.lod": a^:r::?^'p.aro^u^;^^^^^^^^^ -^.-9 » co«, pcwd.. 

EXAMPLES 4 to 7 

^ c=^,«^r^IoQ 1 tn 3 usina each of the compositions of the 

By following the same procedure as Examples 1 to 3 using eacn 

„ femlSr: sirolar , r a^ r :p='S ;^c;=. ahd mam.... ,o. S 

minutes, quickly cooled to provide each laminate plate. laminated well. 

Each laminated plate Obtained did not show peehng. v^arpin^^^^^^^^^^ ^^^^ 

After each laminated plate was «^ J^^'^j^j^'f, Jq^^c In a prUsu kept 
. fn-rh^aC:™ ^^^^^ ^ three-dimensional molding was 

°'%"he results of measuring and evaluating the properties of the laminated plates obtained in Examples 1 
to 7 are shown in Table l below. 
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COMPARATIVE EXAMPLE 1 to 7 

By following the same procedure as Examples 1 to 3 using each of the compositions having the 
compounding ratios shown in Table 2. laminated plates were prepared. The results of measuring and 
evaluating the properties thereof as in Examples 1 to 3 are also shown in Table 2 below. 
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the mechanical characteristics of each laminate plate was large. 
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in the laminated plate obtained in Comparative Example 2. the compounding amount of glass "oe^^ was 
low and thuT the mechanical characteristics of the laminated plate was .nfenor. In the lammated plates 
obUined in ComparXe Examples 3 and 4. since the compounding amounts of glass fbers and m.ca to the 

"",n am^'^ o, the fillers obtained in Comparative Example 5. the 

5 In the laminated plate coniaimng ....... containing no filler obtained in Comparative 

TZT.Z:rZ Z.:TXZ.Z.T:;TJZ.ZZ, Lpra,.. o.^ m comparative 
is::?!: 7 »i "aalrZnrP-^e«,'»a3 baa. and laminated plates cou« net be obtained ,n mese 

comparative examples. HocrrihPH in detail and with reference to specific embodiments thereof, it 

■° „,» ZZZ^^^^-'^^^' ^ai^and .odl„ca«ona can be made tbe^n ..tbo. 

departing from the spirit and scope thereof. 

Claims 

fn^ganicCmpound' sa^d plural sheets being laminated together to form a laminated sheet and hot- 
20 pressed at a temperature of 80 * C or more to form the plate. 

A polyester resin laminated plate of claim 1. wherein the t^^-^-°P;f^^;= P^.'^f polyethylene 
terephthalate or polyester containing at least 80 mol% ethylene terephthalate units. 

A polyester resin laminated plate of claim 1. wherein the fibrous reinforcing material is glass fibers and 
the granular inorganic compound is mica or glass flakes. 

A polyester resin laminated plate of claim 1. wherein the plate has a surface crystallinity of at least 



2. 



25 3. 



25%. 



30 



A polyester resin laminated plate of claim 1. wherein the plate has a surface crystallinity of less than 



10%. 



6 A process of producing a polyester resin laminated plate, which comprises 

" : Er^ira ^^^^^^^^^^^^^ 

Ln 10%. laminating the plural sheets having a surface <'^^'^'''"%±'^^^'^^^^^^^ 

" r:r:r:nreS^rcnirroru;^^^^^^^^^ 

the temperature. 

7. A process of claim 6. wherein the thermoplastic polyester is polyethylene terephthalate or polyester 
45 containing at least 80 mol% ethylene terephthalate units. 

a A process of claim 6. wherein the fibrous reinforcing material is glass fibers and the granular inorganic 
compound is mica or glass flakes, 
so 9. A polyester resin laminated plate of claim 1. wherein the plural sheets range from 2 to about 50 in 
number. 

10. A polyester resin laminated plate of claim 1. wherein the fibrous reinforcing material is glass fibers. 
55 11. A polyester resin laminated plate of claim 10. wherein the glass fibers have a length of from 0.1 to 7 



mm. 
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• . •n.t.H mate Of claim 11. wherein the glass fibers have a length of from 0.3 to 5 

12. A polyester resin laminated plate ot ciaim 

mm. 

13. A po„es,e, resin „..i.a,e p.a,e o, Cal. »ho,ei. ma g,anu,a, incganlc compound ,s mioa 0, glass 

5 flakes. 

U. A po„es,„ ,as,„ ,am,.a,ed p«.e o, Cai. «^roi„ ,Ke granular Inorganle compound nas a mean 

particle Size Of at most 1000 urn. 
,s. A polyester resIn lamlnaled pla,e o, claim .4. wnereln ,he granular Inorganic compound has a mean 

particle size of from l to 600 um. 
,6 A process of c,»m 6, therein « no.-pressing Is a, a .empera,ure o( from 90 ,o 200 • C. 
„ 17. A process o. calm e. »h,reln »ie H«,-presslng Is a, a pressure o, ,rom 30 » 100 .g«m=. 
,8. A process o. claim 6. therein me ,a.e o. .emperature Increase Is „om 3 to 20-C/mlnute. 
19. A process o. Calm 1=. wherein the rate o, temperature Increase Is .rem S to ,0-G'm,nute. 
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